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We test the sensitivity of bottom baryon observables with
regard to the choice of the interpolating three-quark currents
within the relativistic three-quark model. We have found that
the semileptonic decay rates are clearly affected by the choice
of currents, whereas the asymmetry parameters show only a
very weak dependence on the choice of current.
I. INTRODUCTION
The forthcoming experimental data on exclusive bot-
tom baryon decays call for a comprehensive theoretical
analysis of their spectra and their decay properties. Dur-
ing the last decade heavy baryon transitions have been
studied in detail within the Heavy Quark Effective The-
ory employing QCD sum rule methods or nonrelativistic
and relativistic quark models, etc. (see, for example,
the reviews in [1,2] and the papers [3–28]). The mass
spectrum of heavy baryons as well as their exclusive and
inclusive decays have been described successfully in these
approaches incorporating the ideas of QCD. Preliminary
results for the Λb → Λc baryon Isgur-Wise function and
its slope have recently been obtained in Lattice QCD [29].
In the papers [14–16,18,30–33] we proposed and de-
veloped a QCD motivated relativistic three-quark model
(RTQM), which can be viewed as an effective quan-
tum field approach based on an interaction Lagrangian
of light and heavy baryons interacting with their con-
stituent quarks. The coupling strengths of the baryons
interacting with the three constituent quarks are deter-
mined by the compositeness condition ZH = 0 [31,34]
where ZH is the wave function renormalization constant
of the hadron. The compositeness condition enables one
to unambiguously and consistently relate the theories
with both quark and hadron degrees of freedom to the
effective Lagrangian approaches formulated in terms of
hadron variables only (as, for example, Chiral Perturba-
tion Theory [35] and its covariant extension to the baryon
sector [36]). Our strategy is as follows. We start with an
effective interaction Lagrangians written down in terms
of quark and hadron variables. Then, by using Feynman
rules, the S-matrix elements describing hadron-hadron
interactions are given in terms of a set of quark Feynman
diagrams. The compositeness condition serves to avoid
double counting of quark and hadron degrees of freedom.
The RTQM contains only a few model parameters: the
masses of the light and heavy quarks, and certain scale
parameters that are related to the size of the distribu-
tion of the constituent quarks inside the hadron. The
RTQM has been previously used to compute the exclu-
sive semileptonic, nonleptonic, strong and electromag-
netic decays of charm and bottom baryons in the heavy
quark limit mQ → ∞ always employing the same set of
model parameters [14–16].
The objective of this paper is to continue the anal-
ysis of heavy baryon transitions within the RTQM
[14–18,30–33]. In particular we shall investigate the de-
pendence of heavy baryon observables calculated in the
RTQM on the choice of three-quark baryon currents. In
the heavy quark limit there remains a twofold ambigu-
ity in the choice of interpolating currents for the ground
state baryons. The properties of heavy baryons calcu-
lated in any model will in general depend on the choice
taken for the baryon currents. It is therefore worthwhile
to use a particular model and provide a detailed investi-
gation of how the choice of interpolating currents affects
the outcome of a dynamical calculation. For definiteness
we shall limit our investigation to b → c semileptonic
transitions of Λ-type and Ω-type heavy baryons (such as
Λb → Λceνe, Σb → Σceνe, etc.).
We proceed as follows. First we briefly explain the
basic ideas of the RTQM. Next we obtain analytic ex-
pressions for the heavy baryon Isgur-Wise functions and
calculate rates and differential distributions in baryonic
b → c semileptonic transitions of ground state Λ-type
and Ω-type heavy baryons. We compare our numerical
results with the results of other theoretical approaches.
II. RELATIVISTIC THREE-QUARK MODEL
We start with a brief description of our approach
called the Relativistic Three-Quark Model (RTQM). A
detailed description of the RTQM can be found in Refs.
[14,16,32,33]. In the RTQM baryons are described as
1
bound states of consitituent quarks. We denote the heavy
baryons by BQ = Qq1q2 which specifies a bound state of
an infinitely large heavy quark Q = b or c and two light
quarks q1 and q2 with masses mq1 and mq2 . We express
the spatial four-coordinates (yi) of the constituent quarks
in terms of the center-of-mass coordinate (x) and the rel-
ative Jacobi coordinates (see ref. [14]):
yQ = x ,
yq1 = x+ 3ξ1 −
√
3ξ2 ,
yq2 = x+ 3ξ1 +
√
3ξ2 .
The Lagrangian describing the interaction of a heavy
baryon BQ with a single heavy quark Q and two light
quarks q1 and q2 simplifies in the heavy quark limit. The
Lagrangian can be written as [14]
LBQ(x) = gBQB¯Q(x)JBQ (x) + h.c. (1)
where JBQ is a three-quark current with the quantum
numbers of the heavy baryon given by
JBQ(x) = Γ1Q
a1(x)
∫
d4ξ1
∫
d4ξ2 FBQ(ξ
2
1 + ξ
2
2) (2)
× qa21
(
x+ 3ξ1 −
√
3ξ2
)
CΓ2λBQ
× qa32
(
x+ 3ξ1 +
√
3ξ2
)
εa1a2a3 ,
FBQ(ξ
2
1 + ξ
2) = (3)∫
d4k1
(2pi)4
∫
d4k2
(2pi)4
e−ik1ξ1−ik2ξ2F˜BQ
(
k21 + k
2
2
Λ2BQ
)
.
Here Γ1 and Γ2 are appropriate strings of Dirac matri-
ces, λBQ is a flavor matrix and C = γ
0γ2 is the charge
conjugation matrix. FBQ is the heavy baryon vertex
form factor defining the momentum distribution of light
quarks within the heavy baryon.
Unlike the heavy meson case the heavy baryon La-
grangian (1) contains a twofold ambiguity in the choice
of the spin-flavour structure of the heavy baryon currents
JBQ (even in the absence of derivative couplings). For the
Λ-type baryons (ΛQ, ΞQ) with a light spin zero diquark
system one has a pseudoscalar current JPBQ and an ax-
ial current JABQ , both of which have the correct quantum
numbers to serve as interpolating fields for the Λ-type
baryons. Similarly for the Ω-type baryons ΩQ, ΣQ and
Ω ∗Q, Σ
∗
Q with a spin one diquark system one has a a vector
current JVBQ and a tensor current J
T
BQ
. In terms of the
spinor and flavour structure the two respective currents
in each case are given by [10,13,14,37]
JPΛQ = ε
abcQaubCγ5dc (4)
JAΛQ = ε
abcγµQ
aubCγ5γµdc (5)
JVΩQ = ε
abcγµγ
5QasbCγµsc (6)
JTΩQ = ε
abcσµνγ
5QasbCσµνsc (7)
JV ;µΩ∗
Q
= εabcQasbCγµsc (8)
JT ;µΩ∗
Q
= −iεabcγνQasbCσµνsc (9)
In this paper we investigate the sensitivity of observables
on the choice of heavy baryon currents. We will consider
general linear combinations of the two possible currents
for the ground states of heavy baryons. Thus we write
JΛQ
(
x
)
= αPJ
P
ΛQ
(
x
)
+ αAJ
A
ΛQ
(
x
)
(10)
JΩQ
(
x
)
= βV J
V
ΩQ
(
x
)
+ βTJ
T
ΩQ
(
x
)
(11)
JµΩ∗
Q
(
x
)
= βV J
V ;µ
Ω∗
Q
(
x
)
+ βTJ
T ;µ
Ω∗
Q
(
x
)
(12)
Since the ΩQ and the Ω
∗
Q are members of the same heavy
quark symmetry doublet the coefficients βV and βT are
the same for both. As a result of the twofold ambiguity
we have to introduce the two additional parametersRΛ =
αA/αP and RΩ = βT /βV .
Next we specify our model parameters. The heavy-
baryon quark coupling constants gBQ are determined by
the compositeness condition [6,16,31,34]. The composite-
ness condition implies that the renormalization constant
of the hadron wave function is set equal to zero: ZBQ =
1 − g2BQΣ′BQ(MBQ) = 0 where Σ′BQ is the derivative of
the baryon mass operator and MBQ is the heavy baryon
mass. In Eq. (2) we have introduced a baryon-three-
quark vertex form factor written as F˜BQ((k
2
1 + k
2
2)/Λ
2
BQ
)
where ΛBQ is a scale parameter defining the distribution
of the light quarks in the heavy baryon. Any choice of
vertex function FBQ is appropriate as long as it falls off
sufficiently fast in the ultraviolet region to render the
Feynman diagrams ultraviolet finite. In principle, its
functional form would be calculable from the solutions
of the Bethe-Salpeter equations for the baryon bound
states [17] which is, however, an untractable problem at
present. In our previous analysis [32] we found that, us-
ing various forms for the vertex function, the hadron ob-
servables are insensitive to the details of the functional
form of the hadron-quark vertex form factor. We will
use this observation as a guiding principle and choose a
simple Gaussian forms for the vertex function FBQ . Its
Fourier transform reads [14–16,33]
F˜BQ
(
k21 + k
2
2
Λ2BQ
)
= exp
(
k21 + k
2
2
Λ2BQ
)
(13)
where ΛBQ is a scale parameter defining the distribution
of u and d quarks in the heavy baryon. For the light
quark propagator with a constituent mass mq we shall
use the standard form of the free fermion propagator
Sq(k) =
1
mq− 6k (14)
2
where mq = m for the u or d quarks (we work in the
isospin symmetry limit) and mq = ms for the strange
quark. For the heavy quark propagator we shall use the
leading term Sv(k, Λ¯q1q2) in the inverse mass expansion
of the free fermion propagator:
SQ(p+ k) =
1
mQ − (6p+ 6k) ,
= Sv(k, Λ¯q1q2) +O
(
1
mQ
)
Sv(k, Λ¯q1q2) = −
(1+ 6v)
2(v · k + Λ¯q1q2)
(15)
We introduce the mass difference parameter
Λ¯q1q2 =MQq1q2 −mQ which is the difference between the
heavy baryon mass MQq1q2 ≡MBQ and the heavy quark
mass mQ. The four-velocity of the heavy quark is de-
noted by v as usual. As in the light quark propagator we
shall neglect a possible mass difference between the con-
stituent u- and d-quark. Thus there are altogether three
independent mass parameters: Λ¯ for heavy baryons with-
out strange quarks, Λ¯s for heavy baryons with a single
strange quark and Λ¯ss for doubly strange heavy baryons.
Our set of model parameters are the following: the
masses of the light quarks m and ms, the vertex scale
parameter ΛBQ , parameters related to the heavy quark
propagator Λ¯, Λ¯s and Λ¯ss and the two parameters RΛ =
αA/αP and RΩ = βT /βV related to the twofold ambigu-
ity in the choice of the heavy baryon currents for the Λ-
type and Ω-type baryons. The parameter m = 420 MeV
has been fixed in Ref [33] from an analysis of nucleon
data. The parameters ΛBQ , ms and Λ¯ are taken from an
analysis of the Λ+c → Λ0 + e+ + νe decay data. A good
description of the present average value of the branch-
ing ratio B(Λ+c → Λe+νe) = 2.2% can be achieved with
ΛBQ = 1.8 GeV, ms = 570 MeV and Λ¯ = 600 MeV [18].
In addition, the value of the strange quark massms = 570
MeV gives the best description of the magnetic moments
of light hyperons (Λ, Σ, Ξ). The values of the parameters
Λ¯s and Λ¯ss are determined from the heuristic relations
Λ¯s = Λ¯+(ms−m) and Λ¯ss = Λ¯+2(ms−m), which gives
Λ¯s = 750 MeV and Λ¯ss = 900 MeV. Finally, the mass
values of the charm and bottom baryon states are taken
from Ref. [17] (masses of ΛQ, Ξc, Σc and Σ
∗
c baryons)
and Ref. [14] (masses of Ξb, Σb, Σ
∗
b and ΩQ baryons).
III. RESULTS
A. Matrix elements of semileptonic transitions of
heavy baryons
The semileptonic b → c transitions of heavy baryons
are described by the triangle two-loop quark diagram
Fig. 1.
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FIG. 1. Feynman diagram describing the semileptonic
b→ c decay of heavy baryons Bb → Bc + e+ νe
It takes the following form in the heavy quark limit
u¯(v′)Mµ(v, v′)u(v) = (16)
GF√
2
Vcbg
i
BQ
gfBQu¯(v
′)Γf1(1+ 6v′)Oµ(1+ 6v)Γi1u(v) · Iifq1q2
Iifq1q2(v, v
′) =
∫
d4k1
2pi2i
∫
d4k2
2pi2i
F˜ 2BQ
(
9k21 + 3k
2
2
ΛBQ
)
× tr[Γ
f
2Sq2(k2)Γ
i
2Sq1(k1 + k2)][
k1v + Λ¯q1q2
] [
k2v′ + Λ¯q1q2
]
where GF is the Fermi weak effective coupling, Vcb =
0.04 is the CKM matrix element, giBQ and g
f
BQ
are the
couplings constants of quarks with the initial (i) and the
final (f) baryon, respectively.
The calculational techniques of how to deal with the in-
tegral (16) can be found in Refs. [16,18]. All dimensional
parameters in the Feynman loop integrals are expressed
in units of ΛBQ . The Feynman integrals are calculated
in the Euclidean region both for internal and external
momenta. The final results are obtained by analytic con-
tinuation of the external momenta to the physical region
after the internal momenta have been integrated out.
After a few steps of calculation of the overlap integral
Iifq1q2 can be written as
Iifq1q2(v, v
′) =
∞∫
0
d 4α
F˜ 2BQ (6z)
4|A|2 (17)
×
{
mq1mq2tr
[
Γi2Γ
f
2
]
− mq1
A−111 +A
−1
12
2
tr
[
Γi2
(6vα3 + 6v ′α4)Γf2]
− mq2
A−112
2
tr
[
Γi2Γ
f
2
(6vα3 + 6v ′α4)]
+
A−112
(
A−111 +A
−1
12
)
4
tr
[
Γi2
(6vα3 + 6v ′α4)
× Γf2
(6vα3 + 6v ′α4)]
3
− A
−1
12 +A
−1
22
4
tr
[
Γi2γ
αΓf2γα
]
×
(
α3
dz
dα3
+ α4
dz
dα4
)}
where
z = m2q1α1 +m
2
q2
α2 − Λ¯q1q2
(
α3 + α4
)
(18)
+
2 + α1 + α2
4 |A|
[
α23 + α
2
4 + 2α3α4ω
]
A =
(
2 + α2 1 + α2
1 + α2 2 + α1 + α2
)
(19)
Here |A| = det{A}.
In the heavy quark limit the matrix elements describ-
ing semileptonic b → c transitions can be expressed
through the three universal Isgur-Wise functions ζ(ω),
ξ1(ω) and ξ2(ω) of the dimensionless variable ω = v · v′
where v and v′ are the four-velocities of initial and final
baryons, respectively. One finds
Λ b −→ Λ c transition〈
Λ c
(
v ′
)∣∣ bΓ c ∣∣Λ b(v)〉 = ζ(ω)u(v ′)Γu(v), (20)
Ωb → Ωc(Ω∗c) transition〈
Ωc
(
v ′
)
orΩ ∗c
(
v ′
)∣∣ bΓ c ∣∣Λ b(v)〉 = (21)
B
µ
c
(
v ′
)
ΓB νb
(
v
)[−ξ1(ω)gµν + ξ2(ω)vµv ′ν]
where the spinor tensor B νb (v) obeys the Rarita-
Schwinger constraints vνB
ν
b (v) = 0 and γνB
ν
b (v) = 0.
The spin-wave functions are written as following:
B µQ(v) =
γ µ + v µ√
3
γ 5uΩQ(v) for ΩQ states
B µQ(v) = u
µ
Ω ∗
Q
(v) for Ω ∗Q states
(22)
where the uΩQ
(
v
)
and uµΩ ∗
Q
(
v
)
are the spin-1/2 spinor
and the Rarita-Schwinger spinor, respectively.
B. Baryonic Isgur-Wise functions
A direct evaluation of the baryon Isgur-Wise functions
with the currents (10) gives the following analytical re-
sults:
ζ
(
ω
)
=
F0
(
ω
)
F0
(
1
) , ξ1(ω) = F1(ω)
F1
(
1
) , ξ2(ω) = F2(ω)
F1
(
1
) (23)
FI(ω) =
∞∫
0
dxx
∞∫
0
dy y
1∫
0
dφ
1∫
0
dθ
RI
(
ω
)
|A|2 F˜
2
BQ
(
6z
)
(24)
where
R0(ω) = mq1mq2(α
2
P + α
2
A ω)
+
(
2α2P − α2A ω
) x
|A|
×
[
2 + y
|A| x
(
1 + 2φ(1 − φ)(ω − 1)
)
− 2Λ¯q1q2
]
+ (ω + 1)[mq1(1 + yθ)
+ mq2(1 + y(1− θ))]αPαA
x
|A|
+
x2
4 |A|2
[
α2P + α
2
A ω
+ 2φ
(
1− φ)(ω − 1)(α2P − α2A)]
×
[
1 + y + y2θ(1 − θ)
]
,
R1(ω) = mq1mq2(β
2
V + β
2
T ω)
+ β2V
x
|A|
[
2 + y
|A| x
(
1 + 2φ(1− φ)(ω − 1)
)
− 2Λ¯q1q2
]
+ (ω + 1)[mq1(1 + yθ)
+ mq2(1 + y(1− θ))]βV βT
x
|A|
+
x2
4 |A|2
[
β2V + β
2
T ω
+ 2φ(1− φ)(ω − 1)(β2V − β2T )
]
×
[
1 + y + y2θ(1 − θ)
]
,
R2(ω) = mq1mq2 β
2
T + [mq1(1 + yθ)
+ mq2(1 + y(1− θ))]βV βT
x
|A|
+
x2
4 |A|2
[
β2T + 2φ(1− φ)(β2V − β2T )
]
×
[
1 + y + y2θ(1 − θ)
]
.
Here
|A| = 3 + 2y + y 2θ(1− θ)
z = y(m2q1θ +m
2
q2
(1− θ))
+ x
[
2 + y
4 |A| x
(
1 + 2φ
(
1− φ)(ω − 1))− Λ¯q1q2] .
In Fig. 2 we depict our model predictions for the ω-
dependence of the form factor ζ(ω). We compare our pre-
diction for ζ(ω) with results from the simple quark model
[22], QCD sum rules [21], the infinite momentum frame
quark model [23,24], the dipole model [23] and the MIT
bag model [25]. In Fig. (3-5) we exhibit the sensitivity
of the Isgur-Wise functions ζ(ω) and ξ1(ω) to the choice
of the three-quark currents with the quantum numbers
of Λ-type and Ω-type baryons. We have kept the values
of the other model parameters fixed in this comparison
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(Λ¯=0.6 GeV, Λ¯{ss}=0.9 GeV, and ΛBQ=1.8 GeV). The
Isgur-Wise function ζ(ω) for the Λb → Λc transition cal-
culated with the pseudoscalar current can be seen to lie
below the one calculated with the axial current. This will
result in different rate predictions. Similarly, in the case
of the Ω-type baryons (see, Fig. 4 and Fig. 5), the vector
current Isgur-Wise function lies below the tensor current
Isgur-Wise function.
The radii of the form factors ζ and ξ1 (or the slope
parameters) are defined by
F (ω) = 1− ρ 2F (ω − 1) + . . . (25)
where F = ζ or ξ1. Varying the parameters RΛ and RΩ
in the range [0,∞) and keeping the values of ΛBQ and
Λ¯q1q2 fixed, the slopes of the Λb and Σb baryon Isgur-
Wise functions are given by ρ2ζ = 1.05 ± 0.30 and ρ2ξ1 =
1.07± 0.30. In particular, one has
ρ2ζ = 1.35 for αA/αP = 0 ,
ρ2ζ = 1.05 for αP /αA = 1 ,
ρ2ζ = 0.75 for αP /αA = 0 ,
ρξ1 = 1.37 for βT /βV = 0 ,
ρ2ξ1 = 1.06 for βT /βV = 1 ,
ρ2ξ1 = 0.75 for βV /βT = 0 .
(26)
Finally we cite the values of the charge radius of the
Λb → Λc Isgur-Wise function of other theoretical model
calculations. They vary in a rather large range:
ρ2ζ :
[23] [28] [21] [22] [25] [10] [29]
1.44 1.3 0.65 1.01 2.35 1.15 1.2+0.8−1.1
C. Rates, distributions and asymmetry parameters
In this section we present our numerical results on
rates, distributions and asymmetry parameters for the
b → c flavour changing heavy baryon decays. The stan-
dard expressions for observables of semileptonic decays
of bottom baryons (decay rates, differential distributions,
leptonic spectra, and asymmetry parameters) have sim-
ple forms when expressed in terms of helicity amplitudes.
The set of HQL helicity amplitudes describing transitions
of bottom baryons into charm baryons can be found in
Ref. [14]. In Table I we present our numerical results
for the total and partial rates of Λb → Λceνe transi-
tions using three particular choices of the RΛ parame-
ter: αA/αP = 0, αP /αA = 0 and αP /αA = 1. One
can see that the pseudoscalar current consistently gives
smaller rate values. However, the numbers show that the
difference between the three choices is not very signifi-
cant. Our results are in good agreement with the exper-
imental upper limit for the rate Γ(Λb → Λceνe) given by
(6.67±2.73)×10−10 s −1. For comparison we present the
results of some other theoretical approaches. In Table II
we give our predictions for the other semileptonic decay
rates of bottom baryons.
In Fig. 6 we depict the dependence of the Λb → Λceνe
rate on the parameters Λ¯ and ΛBQ where the latter pa-
rameters are varied in the regions 0.6 GeV < Λ¯ < 0.8
GeV and 1.8 GeV < ΛBQ < 2.5 GeV and the cur-
rent mixing parameter RΛ equals to RΛ = 1. For
the rate we find Γ(Λb → Λceνe) = (5.9. ± 1.1) × 1010
s−1 where the theoretical error results from the vari-
ation of the parameters Λ¯ and ΛBQ in the indicated
range. In Fig. 7 we depict the dependence of the
rate Γ(Λb → Λceνe) on the current mixing parameter
RΛ = αA/αP with the model parameters Λ¯ and ΛBQ
being varied in the region 0.6 GeV < Λ¯ < 0.8 GeV and
1.8 GeV < ΛBQ < 2.5 GeV. The solid curve corresponds
to the set Λ¯ = 0.6 GeV and ΛBQ = 1.8 GeV. It it seen
that the rate Γ(Λb → Λceνe) changes in the interval
(6.2 ± 2) × 10−10 s −1. Note the remarkable agreement
of our predictions with the available upper experimental
limit for the rate Γ(Λb → Λceνe) = (6.67±2.73)×10−10 s
−1. In Fig. 8 and Fig. 9 we present our results for the dif-
ferential decay distribution and the lepton spectra in the
semileptonic decay Λb → Λceν¯e. Finally, in Table III we
give our predictions for the asymmetry parameters (for
their definitions, see [7]) which can be measured in the
two cascade decays of the Λb baryon. For comparison we
also present the results of other theoretical approaches.
TABLE I. Total and partial rates of the semileptonic
decay Λ0b → Λ
+
c e
−ν¯e (in 10
10 sec−1) for |Vbc| = 0.04,
ΛBQ = 1.8 GeV, Λ¯ = 0.6 GeV, Λ¯s = 0.75 GeV,
Λ¯ss = 0.9 GeV.
Approach Γ ΓT+ ΓT− ΓL+ ΓL−
αA/αP = 0 5.43 0.52 1.53 0.11 3.27
Our approach αA/αP = 1 6.15 0.57 1.69 0.12 3.77
αP /αA = 0 7.23 0.63 1.93 0.13 4.54
IMF [23] 4.28 0.41 1.20 0.09 2.58
IMF [24] 4.89 0.44 1.53 0.10 2.82
Dipole [23] 5.42 0.55 1.58 0.12 3.17
QCD Sum Rule [27] 6.16 0.43 1.86 0.10 3.77
Large Nc [27] 5.51 0.34 1.45 0.09 2.63
Experiment [38] < 6.67± 2.73
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TABLE II. Total and partial semileptonic rates of bottom
baryons (in 1010 sec−1) for |Vbc| = 0.04, ΛBQ = 1.8 GeV,
Λ¯ = 0.6 GeV. T and L stand for the transverse and longitudi-
nal components of the transition and (±) denote the helicity
of the daughter baryon.
Decay mode Currents mixing Γ ΓT+ ΓT− ΓL+ ΓL−
αA/αP = 0 5.98 0.59 1.64 0.13 3.62
Ξ0b → Ξ
+
c e
−ν¯e αA/αP = 1 6.67 0.63 1.80 0.13 4.11
αP /αA = 0 7.72 0.70 2.02 0.14 4.86
βA/βP = 0 2.10 0.08 0.24 1.39 0.39
Σ+
b
→ Σ++c e
−ν¯e βA/βP = 1 2.23 0.07 0.21 1.65 0.30
βP /βA = 0 2.51 0.07 0.18 2.03 0.23
βA/βP = 0 1.60 0.07 0.19 1.07 0.27
Ω−
b
→ Ω0ce
−ν¯e βA/βP = 1 1.68 0.07 0.17 1.23 0.21
βP /βA = 0 1.86 0.06 0.15 1.48 0.17
βA/βP = 0 3.69 0.50 1.27 0.86 1.06
Σ+
b
→ Σ∗++c e
−ν¯e βA/βP = 1 3.72 0.52 1.31 0.94 0.95
βP /βA = 0 3.84 0.54 1.39 1.05 0.86
βA/βP = 0 4.29 0.56 1.45 1.02 1.26
Ω−
b
→ Ω∗0c e
−ν¯e βA/βP = 1 4.33 0.58 1.50 1.12 1.13
βP /βA = 0 4.43 0.60 1.58 1.24 1.01
TABLE III. Asymmetry parameters of semileptonic Λb
baryon decay for ΛBQ = 1.8 GeV, Λ¯ = 0.6 GeV.
Approach α α′ α′′ γ αP γP
αA/αP = 0 -0.77 -0.11 -0.53 0.55 0.40 -0.16
Our approach αA/αP = 1 -0.78 -0.11 -0.55 0.54 0.41 -0.16
αP /αA = 0 -0.79 -0.11 -0.57 0.52 0.43 -0.15
IMF [23] -0.76 -0.11 -0.53 0.55 0.39 -0.16
Dipole [23] -0.75 -0.12 -0.51 0.57 0.37 -0.17
QCD Sum Rule [27] -0.83 -0.14 -0.57 0.48 0.38 -0.17
Large Nc [27] -0.81 -0.15 -0.53 0.50 0.34 -0.19
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FIG. 2. The Isgur-Wise function ζ(ω) of the decay
Λ0b → Λ
+
c e
−ν¯e: SQM (Simple Quark Model, Ref. [22]); QCD
SR (QCD Sum Rule, Ref. [21]); IMF(1) (Infinite Momen-
tum Frame Quark Model, Ref. [23]); IMF(2) (Infinite Momen-
tum Frame Quark Model, Ref. [24]); Our result (for Λ¯ = 0.6
GeV; ΛBQ = 1.8 GeV, αA = 0); Dipole (Dipole form factor,
Ref. [23]); MIT (MIT Bag Model, Ref. [25]).
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FIG. 3. The sensitivity of the Isgur-Wise function ζ(ω)
(Λb-decay) on the choice of the three-quark currents at fixed
values of ΛBQ=1.8 GeV and Λ¯ = 0.6 GeV.
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FIG. 4. The sensitivity of the Isgur-Wise function ξ1
(Σb-decay) on the choice of three-quark currents at fixed val-
ues of ΛBQ = 1.8 GeV and Λ¯ = 0.6 GeV.
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FIG. 5. The sensitivity of the Isgur-Wise function ξ1
(Ωb-decay) on the choice of three-quark currents at fixed val-
ues of ΛBQ = 1.8 GeV and Λ¯ss = 0.9 GeV.
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FIG. 6. Sensitivity of the total rate of Λb → Λc + e + νe
transition on the choice of the model parameters Λ¯ and ΛBQ
keeping the parameter RΛ fixed at RΛ = 1.
FIG. 7. The sensitivity of the Λb → Λc + eνe decay
rate on the choice of three-quark currents parametrized by
the ratio RΛ = αA/αP . The shaded region corresponds to
the range of the total rate with the model parameters Λ¯
and ΛBQ being varied in the region 0.6 GeV < Λ¯ < 0.8 GeV
and 1.8 GeV < ΛBQ < 2.5 GeV. The solid heavy curve cor-
responds to the set Λ¯ = 0.6 GeV and ΛBQ = 1.8 GeV.
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FIG. 8. Differential distributions in semileptonic
Λb → Λceν¯e decays for Λ¯ = 0.6 GeV; ΛBQ = 1.8 GeV and
Vbc = 0.04. 1: dΓ/dω. 2: dΓL
−
/dω. 3: dΓL+/dω. 4: dΓT−/dω.
5: dΓT+/dω. The solid, dashed and dotted line correspond to a
set of the parameters αA/αP = 0, αA/αP = 1 and αP /αA =,
respectively.
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FIG. 9. Leptonic spectrum in the semileptonic decay
Λb → Λceν¯e for Λ¯ = 0.6 GeV; ΛBQ = 1.8 GeV and Vbc = 0.04.
The curve (1) corresponds to dΓ/dEℓ, (2) corresponds to
dΓL
−
/dEℓ, (3) corresponds to dΓL+/dEℓ, (4) corresponds to
dΓT
−
/dEℓ and (5) corresponds to dΓT+/dEℓ. The shaded re-
gion shows the range of the total energy spectrum with the
parameter RΛ being varied in the interval 0 < RΛ <∞. The
upper curve corresponds to αP = 0 and the lower curve cor-
responds to αA = 0.
IV. CONCLUSION
We have employed the relativistic three-quark model
in order to test the sensitivity of bottom baryon decay
observables on the choice of the three-quark baryon cur-
rents. We have found that the semileptonic decay rates
are clearly affected by the choice of currents, whereas
the asymmetry parameters show only a very weak depen-
dence on the choice of currents. We envisage that more
precise data to be expected in the near future would al-
low one to determine the appropriate mixture of currents
within a given model such as the relativistic three-quark
model.
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